Objective: The objective of this study is to compare the effects of back-up ventilation rates (BURs) on triggered inflations and patient cardiorespiratory stability during assist-control/volume guarantee ventilation (AC/VG). 
Introduction
The triggered modes of neonatal ventilation aim to synchronize the mechanical inflations with the spontaneous breathing of the infant. In a survey of ventilation practice, in Australasia and the Nordic countries, all tertiary neonatal units routinely used triggered modes when providing conventional ventilation. 1 In a survey of 173 European neonatal units, 94% used triggered modes. 2 Triggered modes, compared with non-triggered modes, are associated with a reduction in air leak and duration of ventilation. 3 Assist-control (AC) mode, also referred to as synchronized intermittent-positive pressure ventilation or patient-triggered ventilation, aims to provide an inflation to support every spontaneous breath. Synchronized intermittent mandatory ventilation provides a fixed number of triggered inflations per minute. AC has been associated with reduced patient effort 4, 5 and reduced variability of tidal volume, 6 particularly when combined with volume guarantee (VG). 4, 7 In AC mode, the ventilator rate varies with the breathing pattern of the infant. The back-up rate (BUR), also referred to as the control rate, determines how long the ventilator waits for the infant to breathe before giving a non-triggered (mandatory) inflation and the ventilator rate during apnea. The ventilator may fail to detect the respiratory efforts of the infant if these do not meet the trigger threshold.
If the BUR is set higher than the spontaneous breathing rate, the infant will have little opportunity to trigger the ventilator. If the BUR is set too low and the infant has an inadequate spontaneous respiratory rate, there is a risk of hypoventilation leading to hypercarbia and respiratory acidosis. Unpublished supplementary analysis of data from the international survey of ventilation practice 1 showed that, of neonatal units routinely using AC mode ventilation, starting BUR settings were median (interquartile range (IQR)) 60 min À1 (45-60), and many of these units did not routinely wean the BUR. Our unit previously used a standard setting of 60 min À1 , which was not routinely weaned; at this setting, 38% of inflations delivered in AC mode were non-triggered. 8 There are several reasons clinicians would wish to optimize ventilator triggering during AC ventilation. Positive pressure ventilation has been associated with lung injury, and it has been speculated that triggered inflations may be physiologically more similar to spontaneous breathing than non-triggered inflations because they occur while the baby is inspiring. In a previous study, triggered inflations during AC/VG ventilation were delivered with a peak inflating pressure (PIP) of 4.1 cm H 2 O lower than non-triggered inflations. 8 It is suggested that in addition to reducing the PIP, reducing the number of non-triggered inflations may reduce the hemodynamic impairment related to positive pressure ventilation. 9, 10 As the use of triggered ventilation modes was associated with reduced diaphragmatic dysfunction compared with non-triggered modes, 11, 12 reducing non-triggered inflations may be advantageous when using AC mode.
We hypothesized that using lower BURs would enable the infant to trigger more inflations. The aim of this short-term study was to investigate how ventilator BUR settings of 30, 40 and 50 min À1 affected ventilator triggering and cardiorespiratory parameters during AC/VG ventilation.
Methods

Design
This study is a randomized crossover trial, comparing BUR settings of 30, 40 and 50 min À1 during AC/VG ventilation using the Dräger Babylog 8000plus (Dräger Medical, Lü beck, Germany).
Setting
All infants were studied at the Neonatal Intensive Care Unit of the Royal Women's Hospital, Melbourne, a perinatal centre with over 6000 births annually.
Patients
Infants were included if stable on AC/VG for the previous 24 h. Infants were excluded if they had changes to ventilator settings in the preceding 4h, pH<7.2 with pCO 2 >80 mm Hg on an arterial of capillary gas, inspired oxygen concentration >80%, acute pneumothorax or pulmonary interstitial emphysema, significant congenital abnormality, severe intra-or peri-ventricular hemorrhage (papile grade 3 or 4), were receiving muscle relaxants or a morphine infusion X20 mg kg À1 h
À1
, or were clinically unstable. Written parental consent was obtained before the study was conducted.
Interventions
Infants were studied for 20 min epochs in random order. A 10 min interval at pre-study settings preceded each epoch to ensure the effects of one epoch did not carry over to the next. The epoch durations were constrained by the transcutaneous CO 2 monitor, as we wished to complete the study within one calibration cycle and to avoid dermal injury. Randomization was by a computergenerated sequence, concealed using sequentially numbered, sealed, opaque envelopes. During the study, clinical care was managed by the bedside nurse and the clinical team who were not blinded to the intervention. The target oxygen saturation was 88-92%. All infants were ventilated using the Dräger Babylog 8000plus (Dräger Medical) with the Fisher and Paykel RT235 circuit (Fisher and Paykel Healthcare, Auckland, New Zealand). Infants were ventilated using the most sensitive trigger sensitivity setting (that is, 1). A fixed inflation time of 0.3 s was used with a circuit flow of 8 l min À1 . During the study period, clinical care continued as normal. Suctioning, patient repositioning and nappy changes were timed to avoid study periods where possible. Handling was minimized, although parents could gently touch their baby if they wished.
Observations
Demographic data collected included gestational age, weight, age at time of study, pharmacotherapy and baseline ventilation settings. During each epoch, the following data were collected: continuous ventilator data recorded using Spectra (Grove Medical, London) at 200 Hz, ventilator waveforms and triggering data, FiO 2 , oxygen saturations (SpO 2 ) and heart rate (HR). Transcutaneous carbon dioxide (TcCO 2 ) measurements were monitored continuously using the Philips IntelliVue Transcutaneous Gas Module (Philips, Eindhoven, the Netherlands). The module was calibrated at the start of the study and data were recorded every minute. Mean blood pressure (BP) was recorded at the start and at the end of every epoch and during the interval periods. Epochs were terminated if the FiO 2 increased by >0.2 or TcCO 2 increased by >20 mm Hg.
Main outcome measures
Using previous data, 8 a sample size calculation suggested 26 infants would be required to detect a 20% increase in the proportion of triggered inflations (0.8 s.d. based on previous data) with 80% power. Secondary outcomes were the delivered PIP and measures of patient stability including changes in HR, SpO 2 , FiO 2 , TcCO 2 and BP.
Analysis
We used data from the ventilator to identify triggered and non-triggered inflations. Analysis of the recordings was automated using software written using Visual Basic (2005 Express Edition; Microsoft, Redmond, WA, USA), and performed with the epoch settings concealed. An example of ventilator pressure and trigger data for a single patient is shown in Figure 1 . For the secondary outcomes, the changes over each epoch were calculated.
Statistics
Statistical analysis was performed using Stata (version 10; Statacorp College Station, TX, USA). Measurements are summarized as mean (s.d.) or median (IQR) as appropriate. The effect of the different BUR settings (30, 40 and 50 min À1 ) on the various outcomes was assessed using linear regression. BUR 50 min À1 was the standard setting in our unit, and this was taken as the reference setting. For any given infant, the results from repeated measures may have been correlated with each other. We used robust variance estimates to take this into account. We took this approach because variances in the primary outcome (identified after the results were collected) differed between groups such that analysis of variance was not appropriate. After viewing the results, we performed post hoc analysis of the effect of differences in ventilator triggering (dTrig) on differences in ventilator PIP (dPIP) using linear regression with robust variance estimates.
Ethical approval
This study was approved by the Royal Women's Hospital Research and the Ethics Committees.
Results
Data from 28 infants were collected. Persistent condensation in the ventilator circuit caused data from two studies to be un-interpretable, and these were excluded. In all, 26 studies were of adequate quality. No epoch had to be terminated because of the instability of the patient. BP and TcCO 2 data were unavailable for one patient.
The baseline demographics of the 26 infants are shown in Table 1 . Most infants had an FiO 2 <0.3, the highest was 0.6. Infants were ventilated for many reasons including RDS, secondary sepsis and chronic ventilator dependency.
Measures of patient stability and the change during each epoch are summarized in Table 2 . There were no significant differences between the parameters at the start of each epoch. The effects of BUR on ventilator rate, triggering and patient stability are shown for 91 413 inflations in Table 3 . The percentage of all inflations triggered at BUR settings of 30, 40 and 50 min À1 were mean (s.d.) 85% (11), 75% (19) and 61% (25), respectively. The difference between the settings was highly statistically significant (P<0.001%). At a BUR setting of 30 min À1 , at least 50% of inflations were triggered for every participant (Figure 2) .
We observed an increase in total inflation rate with increasing BUR; from 56 min À1 at BUR 30 min À1 to 62 at BUR 50 min À1 . The mean difference between settings of 30 min À1 and 50 min À1 was 6 min À1 (99% confidence interval [3] [4] [5] [6] [7] [8] [9] . No statistically significant differences were observed in delivered PIP or changes in TcCO 2 , FiO 2 , SpO 2 , HR or BP. The linear regression for difference in PIP (dPIP) and the proportion of triggered inflations (dTrig) is shown in Figure 3 .
Discussion
Main findings
Reducing the BUR setting was associated with an increased proportion of triggered inflations, and at 30 min À1 all infants triggered at least 50% of inflations. As BUR increased, the number of triggered inflations decrease and the number of non-triggered inflation increased. Patient cardiorespiratory stability was maintained at all BUR settings, and no statistically significant difference in overall PIP was identified. Although total inflation rate increased as the BUR increased, we did not observed any difference in TcCO 2 , FiO 2 , SpO 2 , HR or BP.
Importance
Our findings are important because they confirm that a group of stable, spontaneously breathing preterm infants could be safely supported in AC/VG mode with a BUR of 30 min À1 without adverse effects on CO 2 , oxygenation, HR or BP. Our study is also the first to study the effect of BUR in infants ventilated using a combination of AC with VG. Some clinicians argue that the choice of BUR is unimportant during AC ventilation; however, this study demonstrates in each comparison that the lower BUR enabled infants to trigger more inflations. Increasing the proportion of triggered inflations may theoretically allow these infants to be ventilated using lower PIPs, 8 aid hemodynamic stability 9, 10 and reduce the risk of diaphragmatic dysfunction. 11, 12 Although our study was not powered to identify a statistically significant reduction in PIP (Table 3) , the negative gradient of the linear regression of dPIP versus dTrig (Figure 3) is consistent with the hypothesis that using lower BURs to increase the proportion of triggered inflations could result in lower PIPs during VG ventilation; however, the variation between patients and settings is high (P ¼ 0.06, R 2 ¼ 0.20). These and other clinical outcomes should be examined by additional studies enrolling more infants.
Relevance for clinical practice
In the survey of neonatal ventilation practice, the median (IQR) BUR used when starting AC mode ventilation, was (IQR) 60 min À1 (99% confidence interval 45-60). 1 In our unit, the starting BUR is 50 min À1 , and the BUR is not often weaned. The infants enrolled in our study had pre-study BUR 50 min À1 (99% confidence interval 40-50). We speculate that there may be potential to manage some of these infants with a lower BUR, enabling them to trigger more inflations. Future studies should examine the effects of different weaning strategies.
Generalizability and limitations
Our results are relevant to all clinicians using AC mode during neonatal ventilation, and not to only those using the Dräger Babylog 8000plus. However, our study design and inclusion criteria (11) 57 (12) 1 (3) 56 (11) 56 (12) 0 (5) 56 (11) 56 (13) À1 (5) FiO 2 (%) 26 27 (7) 28 (7) 0 (2) 28 (8) 28 (7) 0 (2) 28 (7) 28 (7) 0 (1) SpO 2 (%) 26 91 (5) 91 (5) 0 (4) 91 (5) 90 (7) À1 (6) 92 (4) 91 (7) À1 (6) HR (min À1 ) 26 155 (11) 155 (12) 1 (6) 156 (13) 158 (11) 2 (6) 157 (11) 156 (12) À1 (7) BP (mm Hg) 25 a 38 (7) 39 (9) 2 (8) 39 (8) 37 (7) À2 (6) 37 (7) 39 (8) 1 (6) Abbreviations: BP, blood pressure; FiO 2 , inspired oxygen concentration; HR, heart rate; SpO 2 , oxygen saturations; TcCO 2 , transcutaneous carbon dioxide. a TcCO 2 and BP data were not available for one infant. Rounded data are displayed without decimal places but changes have been calculated from unrounded data. Baseline measurements did not differ between epochs. All data mean (s.d.). (12) 107 (12) 108 ( ( are limitations of our study. Although heterogeneous, our group of infants were all spontaneously breathing, stable and had been ventilated for at least 24 h. The epochs were only 20 min, which may not have been sufficient to identify long-term effects, such as fatigue. We were constrained by the calibration cycle of the transcutaneous monitor. However, we were able to demonstrate that the measurements did not vary at the commencement of each study epoch. We have not investigated the effects of the BUR in different patient groups, such as subgroups selected by gestational age, weight or age. These should be examined by future studies.
Although we suggest our data may be generalized to other ventilators and are not specific to volume targeted modes, we do not recommend applying our findings to infants who have poor respiratory drive, are heavily sedated or muscle relaxed. In these infants, CO 2 clearance is likely to be more dependent on the ventilator BUR.
Comparison with other studies In our survey of ventilation practice in 49 neonatal units in Australasia and the Nordic countries, 37 of units routinely used AC mode, compared with 12 using synchronized intermittent mandatory ventilation. This contrasts with the findings of van Kaam et al., 2 who surveyed ventilator practice across 173 European Neonatal Intensive Care Units. In all, 60% of patients were ventilated using synchronized intermittent mandatory ventilation mode, whereas 31% used AC. Volume targeting was used for 9% of patients.
Previous studies using triggered ventilation modes for neonatal ventilation have reported a variety of BUR practices. In a multicentre trial comparing patient-triggered ventilation (or AC) with IMV using the SLE2000 and Babylog 8000 ventilators, a BUR of 35 min À1 was used as standard in the triggered group, 13 'to minimize untriggered breaths while maintaining ventilation in apnoeic babies.' In a report of 68 infants managed with SLE patient-triggered ventilation, de Boer et al. 14 described the following practice: initially setting BUR to 40 min À1 , then adjusting the BUR to be at least 20 inflations min À1 below the spontaneous breathing rate. Baumer and Ellis 15 reported, in abstract, a retrospective case note review of 49 infants receiving patient-triggered ventilation with the SLE2000. An increase in the number of untriggered inflations was observed at BURs 40 min À1 and above. We did not identify any studies randomizing infants to different BURs.
Implications for weaning
There is a paucity of evidence comparing weaning during AC mode ventilation, and comparing AC with other modes during weaning. In a Cochrane review of synchronized ventilation modes, the duration of weaning (comparison 3.1) tended to be slightly shorter with AC mode rather than synchronized intermittent mandatory ventilation. 3 Although the difference was not statistically significant, the authors suggested AC, 'would seem the more desirable mode of weaning for preterm neonates. ' In a review article, Sinha and Donn 16 recommended during AC, clinicians wean infants by reducing using a BUR to 25-30 min À1 while reducing the PIP, aiming to maintain a tidal volume X4 ml kg À1 . Our findings confirm that a BUR in AC mode has little clinical effect on the triggered ventilator rate, but a slow BUR does improve the incidence of ventilator triggering. Weaning the PIP, or in a volume targeted mode, the supported tidal volume will allow an infant to make a greater contribution during weaning.
Conclusion
For stable infants ventilated using AC/VG mode, more triggered inflations were observed at the lowest BUR (30 min À1 ). The average proportion of triggered inflations was 85%, and all infants triggered at least 50% of inflations at this setting. There was a slight increase in total delivered ventilation rate between BURs 30, 40 and 50 min À1 , but no change were observed in TcCO 2, oxygenation, HR or BP. Future studies should include more unstable patients and compare different ventilator BURs over longer durations.
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